ABSTRACT Background: Management of moderate acute malnutrition (MAM) is, currently, focused on food supplementation approaches. However, the sustainability of these strategies remains weak in low-and middle-income countries. In food-secure settings, an educational/ behavioral intervention could be an alternative for improving MAM management.
INTRODUCTION
Acute malnutrition is a major contributor to morbidity and mortality in children aged ,5 y in low-and middle-income countries (1) . Clinical guidelines on the management of severe acute malnutrition (SAM) 5 have been available for more than a decade, and their implementation has yielded excellent results (2) . Corresponding research on the management of moderate acute malnutrition [MAM; weight-for-height z score (WHZ) ,22 and $23] has, however, been lagging behind (3) . This is unfortunate because MAM is much more prevalent than SAM and increases the risk of morbidity and mortality on its own (4, 5) . For some time, no clear consensus has existed on the best management possible for moderately malnourished children (3, 6) .
Food supplements commonly distributed for MAM treatment are either fortified blended flours, such as corn and soy blended flour, or lipid-based supplements, usually referred to as ready-touse supplementary food (RUSF). The World Food Program is now proposing a new formula of corn and soy blended flour, the CSB++, which is improved by adding a micronutrient mix covering 15 micronutrients, oil, sugar, and skimmed milk. The efficacy of this new product on MAM treatment must be tested in different contexts. Moreover, although RUSFs are nutritionally balanced, nutrient and energy dense, easy to store and resistant to bacterial growth, they present the major limitation of relying on manufactured and often imported products. It is thus important to test the efficacy of locally produced RUSF by using substitutes for milk powder.
Recent trials that have used these 2 types of product in MAM treatment have shown that these food supplements, either CSB or RUSF, can be effective in treating MAM (7) (8) (9) (10) (11) . However, most of these trials used industrialized products in quantities representing the daily recommended intake of calories. Moreover, the downside of food supplementation is that it does not really address the causes of malnutrition and assumes that malnutrition equals a lack of food at the household level. Factors such as the cost of supplements and the need for external donor support can affect sustainability and scaling up. Furthermore, there is a risk of overlooking careful diagnosis of the causes of MAM by simplifying MAM management to general food supplementation interventions. Offering cause-related counseling holds great potential but its evidence base is surprisingly scant. A patientcentered counseling approach is increasingly considered crucial for the delivery, of high-quality health care (12) (13) (14) . These educational and behavioral interventions can be effective at improving child growth (15) (16) (17) . However, evidence of their efficacy in treating MAM is lacking (18, 19) .
In this study we aimed to compare the effectiveness of a childcentered counseling (CCC) compared with the provision of either CSB++ or a locally produced RUSF with soy flour that substitutes milk powder, in primary health care services for treating MAM cases.
SUBJECTS AND METHODS

Study design
This cluster-randomized controlled trial was carried out in the health district of Houndé, located in the Western region of Burkina Faso, with 27 functional primary health services. This setting was selected for 2 reasons. First, the food insecurity was quite low (20) , which allowed considering an approach of counseling only. The district had a high cereal production and one of the lowest prevalence of wasting in children ,5 y of age reported in the country in 2012 (11.1% compared with the national estimate of 15.5%) (21) . Prevalence of MAM was 7.8% in Houndé district in the same period. Moreover, as in the rest of the country, MAM treatment recommendations provided to the caretakers were quite general, and mothers received nonspecific dietary advice through health services or community channels, underlying the need for another counseling approach. Second, a production unit of lipid-based nutrient supplements was already put into place in an earlier intervention study (22) .
A cluster was defined by a health center and its catchment area. Eighteen rural health centers (clusters) were short-listed based on high prevalence of MAM, size of covered population, and agreement of health workers to participate in the study, as assessed in a preliminary survey. These health centers were randomly allocated to 1 of the 3 arms of the study: CCC, CSB++, or RUSF, with 6 clusters in each arm.
Random allocation was performed in public by the heads of each health center who were invited to draw 1 paper from a basket containing 18 pieces of paper (6 papers for each of the study arms). This was done under the supervision of the principal investigator during the launch meeting.
The sample size was calculated by using PASS software (Hintze J. PASS 2008 NCSS LLC; www.ncss.com) and was set at 116 participants per cluster, or 696 per arm with an a-error = 5%, a b-error = 20%, an expected recovery rate in any group of 70%, an expected difference in recovery rate among groups considered of public health importance of 10% points, and an intraclass correlation of 0.01.
Children aged 6-24 mo, with uncomplicated MAM (WHZ ,22 and $23 based on the 2006 WHO growth reference) (23) and living in the catchment area of a health center were cumulatively included in the trial until the preset sample size was fulfilled. MAM children were either detected passively via the routine growth-monitoring program or at consultations for sick children, or actively through a monthly community-based screening. Children with a diagnosis of SAM (presence of pitting edema or WHZ ,23, without complications) were excluded from the trial and treated according to the national protocol for SAM. Child age was either determined on the basis of an official document such as a health card or a birth certificate when available or by approximation with the help of a locally adapted events calendar.
Informed consent was obtained from all participating caretakers before inclusion. All children received the preventive treatments (vaccination, vitamin A supplementation, and deworming) recommended by the Ministry of Health according to their age at the time of inclusion. All children were examined weekly, and all medical treatments provided during the study were given for free. The proposal was approved by the research ethical committee of Burkina Faso and the ethical committee of Antwerp University, Belgium.
Intervention
Health workers in the CCC arm were trained in communication and nutrition counseling by using a child-centered approach based on the model developed by Stewart et al (24) . This model took into account 6 interconnecting components: 1) exploring both disease and illness experience, 2) understanding the whole person, 3) finding common ground regarding management, 4) incorporating prevention and health promotion, 5) enhancing the doctor patient relation, and 6) being realistic about personal limitations and issues such as the availability of time and resources.
The training comprised 2 phases. The first one involved a formal training based on the Manual on Counseling the Mother from the Integrated Management of Child Illness Guidelines (25) (27) . The second phase was carried out over 3 d and involved practical training that featured role-play and case studies. A refresher training was organized at months 6 and 12 of the intervention. Formative supervision sessions were carried out quarterly by the district nutrition officers to address identified weaknesses in service delivery and questions raised by health workers.
During the first visit of the child, trained health workers recorded the child's medical history, feeding, care practices, and characteristics of the family (family size, socioeconomic characteristics, and hygiene practice). This information was then used to identify, together with the caretaker, the most important causes of the child's poor health. A case-specific treatment strategy was then developed and implemented. During subsequent weekly consultations, health workers assessed how the strategy was implemented, identified promoting or blocking factors, and adapted the treatment plan further in agreement with the caretakers. All corresponding observations and discussions were reported in the child's individual file. A counseling session took approximately 1.5 h the first time and 45 min during follow-up visits.
After each weekly consultation, caretakers were also invited to cooking sessions where recipes for optimizing child meals with local ingredients were shared. Each child had an individual file in which all medical information, advice received, issues with implementation of the strategy, and identified alternatives to the strategy were recorded.
In the second arm of the study, children received daily 65 g CSB++. Mothers were advised to dilute this amount in 370 g water (roughly equivalent to 5 measures of a traditional flour ladle) and cook it until simmering for 5 to 10 min. CSB++ was prepared from heat-treated maize (57-62%), dehulled soya beans (15-20%), sugar (9%), dried skim milk (8%), refined soybean oil (3%), vitamins and minerals (0.20%), calcium carbonate (1.19%), monocalcium phosphate (0.80%), and potassium chloride (0.76%) ( Table 1 ). The CSB++ was provided by World Food Program and distributed to children with MAM weekly.
In the third study arm, children received daily 50 g (3 tablespoons) of a fortified spread (8) , in which milk powder was replaced by soy flour to reduce cost. This locally produced RUSF was composed of peanut butter (26%), vegetable oil (12.5%), sugar (25%), whole soy flour (33%), shea butter (2.0%), and multiple micronutrients (1.5%). The micronutrient powder was obtained from Nutriset. The nutritional composition of a daily dose of RUSF is shown in Table 1 . The local RUSF quality and safety assessment was carried out by a food science engineer from the Department of Food Safety and Food Quality at Ghent University (LH).
Both food supplements, CSB++ and RUSF, provided similar quantities of energy (250 kcal/d). They were intended as a booster facilitating accelerated growth in a food secure population of breastfed children. In both dietary supplement arms, it was duly emphasized to caretakers that food supplements were intended only for children with MAM. In the CSB++ and RUSF groups, parents received the usual generic nutrition advice given by health services, such as to continue breastfeeding, to increase dietary diversity, and to frequently provide nutrient-dense snacks.
All children, regardless of group allocation, received vitamin A (100,000 IU for children 6-12 mo of age, 200,000 IU for children .1 y of age) and 100 mg mebendazole (1 tablet 2 times/d for 3 d). Those with anemia (hemoglobin ,11 g/dL) were given iron + folic acid syrup (100 mg; 1 dose 3 times/d) for 4 wk. Vaccinations were also administered according to the national schedule.
Weekly follow-up visits were scheduled for up to 3 mo after inclusion. Children missing a weekly visit in the health center were home-visited to encourage parents to continue their participation in the study. In the CSB++ and RUSF arms the home visits were carried out by community health workers (CHWs), who also brought along the food supplements. In the CCC arm, the home visits were conducted by the nurses of the health center so as to deliver CCC. In case of refusal to continue participation, monitoring of the child was stopped. If a child missed 4 consecutive follow-up visits despite home visits by CHWs or nurses, he or she was declared a defaulter, but was not excluded from the trial. The definition of defaulter was relaxed from what was planned in the protocol (missing 2 consecutives visits), because, during the pilot phase in the rainy season, there were many cases of involuntary absence (inaccessibility of areas, or unavailability of parents) in up to 2 consecutive visits, with a return of the child later in the trial. Reasons for defaulting were investigated by interviewing a subsample of 45 mothers and 19 fathers.
Loss to follow-up was defined as no information for children at the end of the trial. Recovery was defined as a WHZ $22. The definition of this outcome, initially set at WHZ $21, also changed after the trial pilot phase. Indeed, it required more time for a child to reach WHZ $21 and increased the cost of the intervention, whereas the cutoff of WHZ $22 is internationally acknowledged. Failure to recover was defined by a WHZ ,22 after 3 mo of treatment. Failed children underwent a complete clinical check-up to diagnose underlying pathologies and were followed-up until recovery. Weight, length, and midupper arm circumference (MUAC) were measured on enrollment and at each follow-up visit. Weight was measured by using UNI-SCALE electronic scales with an accuracy within 100 g (SECA Germany). Length was measured with a rigid length board to the nearest millimeter (Short Productions), and MUAC was measured with a nonstretchable tape with an accuracy of 1 mm (model 201; SECA Germany). All measurements were done in duplicate, and the mean of the measurements was used for analysis. Information on child age, feeding practices, household composition, socioeconomic status, child morbidity within the 2 wk preceding the visit, and the medical history of the child and mother were also recorded at enrollment. A socioeconomic index was derived by using principal component analysis based on the possession of animals, housing, furniture, and housing characteristics (28) . Attendance was calculated as the proportion of the actual number of follow-up visits over the number of visits expected between inclusion and exit dates. Adherent individuals were defined as individuals with an attendance $80%.
Data analysis
Duplicate data entry into EpiData version 3.1 (EpiData Association) and a validity cross-check were performed. Descriptive statistics were used to describe the sample and to compare children at baseline between arms.
Comparisons between arms of the primary outcomes (defaulter, recovery, SAM, MAM, and death), attendance, time to recovery, weight, length, and daily MUAC gains were made by using linear mixed-effects models for continuous outcomes, whereas mixed-effects logistic regression models were used for proportions, with health center and individual as random effects. Individual outcomes underwent an intent-to-treat analysis. The proportional hazard assumption was visually appraised by inspecting the Kaplan-Meier plots. Censoring for death, default, SAM or treatment failure was done at the time of the last individual clinic visit. A log-rank test was used to compare trends over time between the 3 survival curves.
Differences in child recovery between trial arms were tested by using a mixed-effects Poisson regression model, with health center and child as random effects. The random effect at the individual level accounted for cases of relapse with children entering the trial at least twice. Concerning the importance of counseling session attendance to receive the intervention in the CCC arm, and the nonrandom distribution of defaulter cases, we also conducted some exploratory analysis. First, we repeated the analysis on the subgroup of nondefaulters. Second, we adjusted the intent-to-treat analyses as recommended (29, 30) by using attendance (in tertiles) as an instrumental variable. Statistical significance was set at 5% for all tests. All statistical analyses were conducted by using Stata 12.0 (StataCorp). Figure  1 ), corresponding to 1824 unique children. A total of 144 children were included twice and 6 children 3 times, with no significant difference between the arms: 38 (6.3%), 55 (8.1%), and 57 (8.2%), respectively, in the CCC, CSB++, and RUSF arms. No difference in baseline characteristics were found between children included once and those who were re-enrolled (data not shown).
RESULTS
Between 12
Baseline characteristics of all enrolled children appeared balanced among the 3 trial arms, except that the nutritional status of mothers (BMI) and children (as measured by MUAC and height-for-age z score, but not WHZ) and child morbidity was slightly better in the RUSF arm ( Table 2 ). The mean (6SD) age at enrollment was 13.4 6 4.6 mo. Most of the mothers were illiterate (82.6%). More than 65% of children had suffered from a morbid episode in the preceding 2 wk. The overall proportion of children who recovered was 69.3%, whereas 9.8% deteriorated to SAM and 10.8% remained in MAM at the end of the 3-mo intervention. We found an average recovery proportion of 57.8% in the CCC arm, 74.5% in the CSB++ arm, and 74.2% in the soy-based RUSF arm (P , 0.0001) ( Table 3) . Both the CSB++ and RUSF groups performed equally well. However, the daily weight gain in children who recovered and the average time-torecovery were not significantly different between arms (Table 3) .
The Kaplan-Meier survival curves showed that the proportion of MAM decreased faster in the first 4 wk of treatment, slowed 2 Comparisons between arms were made by using linear mixed-effects models for continuous outcomes, whereas mixed-effects logistic regression models were used for proportions.
3 Significant difference between CCC and both CSB++ and RUSF, P , 0.0001 4 Defined as WHZ $22 SD (WHO 2006 reference). 5 Attendance was computed as the proportion of the actual number of visits over the number of visits expected between inclusion and exit dates. Weight, length, and MUAC daily gains were computed as the differences between measurements made at inclusion and at recovery divided by the number of days to reach recovery. 6 Among the recovered. 7 Significant difference between CCC and RUSF, P = 0.03.
down between the fifth and eighth weeks, and decreased very slowly afterward (Figure 2) , with a significant difference between the 3 study arms (log-rank P = 24.40, P , 0.0001).
Results from multilevel survival analyses showed that incidence rate ratios for recovery were 1.29 (95% CI: 1.12, 1.47) and 1.28 (95% CI: 1.11, 1.46) for the CSB++ and RUSF groups, respectively, compared with the CCC group (P , 0.0001) ( Table 4) .
Of the overall 186 (9.4%) defaulters, 35 (18.8%) had recovered when they returned for follow-up, 62 (33.3%) had progressed to SAM, 3 (1.6%) refused the supplements or anthropometric measurements, 3 (1.6%) had died, and 83 (44.6%) were lost to follow-up. Defaulters had baseline characteristics similar to those who were regular, except that they were marginally older (14.4 6 4.6 mo compared with 13.6 6 4.6 mo), they had a slightly lower average WHZ at inclusion (22.5 6 0.3 compared with 22.4 6 0.3), and their caretakers were 2 y younger on average ( Table 5) . Defaulting rates differed between the trial arms, with the CCC arm peaking at 18.5% (P , 0.003), with as much as 5% of participants without a single visit in that trial arm. Although, in absolute values, the CCC arm had more defaulters, the relative distribution of defaulting subgroup in terms of the children's final result at the end of the trial (died, reverted to SAM, refused participation, recovered, or were "lost to follow-up") was comparable between the 3 intervention arms. When the analysis was restricted to nondefaulters, differences between recovery proportions were smaller across trial arms: 71.0%, 77.6%, and 79.6% in the CCC, CSB++, and RUSF arms, respectively. However, the analysis of individual recovery rates over time restricted to the group of nondefaulters no longer showed a significant difference between arms (P = 0.23): incidence rate ratios of 1.09 (0.95, 1.25) and 1.12 (0.97, 1.28) for the CSB++ and RUSF arms, respectively, compared with the CCC arm.
Attendance was significantly lower in the CCC arm (P , 0.0001) than in the other groups (Table 3 ). The subgroup analysis by level of attendance showed a gradual increase in the recovery rate in all arms with an increased level of child attendance, reflecting a dose-response effect (data no shown). The mixed-effects Poisson regression model, adjusted for attendance, did not show significant differences between the 3 arms, with adjusted incidence rate ratios of 1.14 (0.99, 1.31) and 1.13 (0.98, 1.30) for the CSB++ and RUSF arms, respectively, compared with the CCC arm ( Table 4) .
The proportion of children whose condition deteriorated into SAM was higher (11.6%), albeit not statistically significant, in the CCC arm. The children who developed SAM were significantly younger than the other participants (12.2 6 4.8 mo) , reported more episodes of illness in the weeks preceding their inclusion (69.5%), had a lower initial WHZ (22.7 compared with 22.4), and had a poorer attendance concerning the intervention than did the others. No difference was found in height gain between the arms (Table 3 ).
DISCUSSION
Our results indicate that CSB++ and locally produced RUSF are more effective than CCC in treating MAM cases by rural firstline health services. Supplementation with CSB++ and RUSF was found to be equally effective. Significantly lower attendance was found for children in the CCC group, which suggests that the low recovery rate for CCC might be related to a greater defaulting rate and low attendance.
The child-centered approach was used to treat $58% of the MAM cases. The counseling was individual, prescriptive, and specific for the child. Advice was not limited to nutritional aspects alone, but also emphasized the importance of care and the child's health and psychomotor development. This was reinforced by cooking demonstrations and home visits. In addition, refresher trainings and formative supervision probably contributed to the continuously improved skills of the health workers. The recovery rate in the counseling arm of our study was significantly higher than the 37% return-to-normal nutritional status found in Roy et al's (19) study conducted in Bangladesh, where nutrition advice was not child-specific and was given through group activities. The higher recovery rate observed in our study might also have been attributable to the fair levels of food security, which enabled the effective implementation of nutritional advice at home.
The lower recovery rate in the CCC group was paralleled by a significantly lower attendance rate and, by consequence, a higher defaulter rate. In our explorative restricted analysis on nondefaulter children and the adjusted analyses by attendance, the differences between food-supplementation groups and CCC became smaller. This finding leads to the hypothesis that if caretakers in the CCC arm had adhered more to the prescribed schedule of counseling sessions, the recovery rate of the children would have been better. The CCC was provided through primary health services, and women were asked to visit the centers on a weekly basis. Interviews with a subsample of less-adherent or defaulting women reported that many did not see the usefulness of the advice and would have preferred to additionally receive rations of cereals, oil, or sugar. Most mothers were entirely dependent on their husbands to buy fish, meat, or oil to cook the recommended recipes. Therefore, giving the ingredients would have facilitated the implementation of the dietary advice and recommended recipes. The long waiting time at the health center on the day of counseling was also reported to be a demotivating factor for some mothers who were more concerned about their agricultural or commercial activities. This is an important finding because it implies that improving retention and regularity of caregivers in a CCC program could result in recovery rates as high as those obtained with food supplementation. Attendance can be improved by using other delivery channels, such as CHWs for community-level interventions, although it is uncertain if poorly educated CHWs could implement a genuine CCC scheme. Attendance could also be improved for health facility-level interventions by increasing a beneficiary's incentive to participate in a CCC program. A practical example of such incentive scheme might be to embed a CCC intervention in a cash-transfer program, conditioned by a minimum number of health facility visits actually realized by the caregiver. Such innovative programs merit further investigation in different contexts to assess their effectiveness and, more importantly, their cost-effectiveness.
This study also showed that small quantities of CSB++ and RUSF allow for a recovery rate of nearly 75% over a period of 3 mo. This rate is comparable with or even superior to that of other trials in which higher quantities of food supplements were distributed (9-11, 31, 32) . We used a small amount of supplementary food because the objective was not to cover all the daily nutritional needs of the child, but rather to provide a small amount of food that would complement the usual diet and boost recovery and growth. Economically, this is also more sustainable. The relative food security in the study area was an important prerequisite.
No significant differences were found between study outcomes in the CSB++ and RUSF interventions. This finding is consistent with that of a recent study carried out in Malawi (11) , where the efficacy of CSB++ was compared with that of 2 RUSF products in treating MAM. In that study, the recovery rate for CSB++ . It must, however, be noted that recovery rates in the high adherent group in our study were comparable with those observed in Malawi.
The current study, to the best of our knowledge, was the first to compare the effectiveness of child-centered nutritional counseling compared with supplementary feeding programs and the effectiveness of low quantities of 2 types of food supplementsone of which was produced locally-in the treatment of children with MAM. These 3 strategies can inspire further rehabilitation programs. However, this trial was conducted in a relatively privileged rural area of Burkina Faso that had good food security and had a relatively low prevalence of wasting. Therefore, our results need to be extrapolated with care and interpreted within this specific context. It is also unclear whether such an approach could be reproduced in areas where only undereducated CHWs are available.
The study had some limitations. The main limitation, which is typical of effectiveness trials, is that all of the covariables could not be controlled for or measured. In the food arms, no assessment was made of the quantity of supplementary food effectively consumed by the children. In the CCC arm, no objective measurement was made of the quality and quantity of complementary foods prepared and consumed by children at home. Furthermore, household behavioral changes with regard to child care in general, and to child feeding in particular, were not documented.
In conclusion, treatment of MAM with a low intake of fortified complementary foods was found to be more effective than CCC. However, CCC might prove to be a valuable alternative provided that attendance to counseling sessions by caregivers is ensured. Whether delivering such counseling at the household level through CHWs or providing caretakers with incentives to attend first-line health services more frequently would improve attendance to counseling sessions still needs to be explored.
